among individuals with normal renal function. [13] [14] [15] [16] [17] To prevent hyperphosphatemia, patients with ESRD limit their intake of foods that are naturally high in phosphorus such as meats, dairy products, whole grains, and nuts. However, phosphorus-containing additives are increasingly being added to processed and fast foods, particularly meats, cheeses, baked goods, and beverages. These phosphate salts are used to preserve moisture or color, to emulsify ingredients and enhance flavor, and to stabilize foods. 18, 19 Phosphorus-containing additives are the most rapidly growing source of dietary phosphorus over the last 2 decades and may contribute to one-third of overall phosphorus intake in the general population. 20 The use of such additives makes it difficult for both renal patients and their clinicians to estimate the phosphorus content of foods. 21 Phosphorus-containing additives have been shown to increase serum phosphorus in short-term experimental studies involving small numbers of participants. 22, 23 However, their impact in real-world situations is less clear. To determine if there is a causal relationship between additive consumption and hyperphosphatemia, it would be necessary to demonstrate in a prospective clinical trial that altering additive consumption leads to changes in serum phosphorus levels. We therefore sought to test an educational intervention to reduce the intake of additive-containing processed and fast foods. We focused on patients with severe renal disease because they are likely to be the most sensitive to changes in dietary phosphorus. 24 
METHODS

Participants and Facilities
All 14 long-term hemodialysis facilities that belong to the 2 largest chains in the Cleveland, Ohio, area agreed to participate. Virtually all hemodialysis patients receive treatment 3 times weekly on Monday, Wednesday, and Friday (MWF shift) or on Tuesday, Thursday, and Saturday (TTS shift). We randomized at the level of dialysis shift to avoid the possibility that study activities performed with intervention participants might contaminate control participants. Twelve facilities offer both MWF and TTS shifts. For each of these facilities, a data manager used a random number generator to assign one randomly selected shift to the intervention group and the other shift to the control group. Two facilities only offer MWF shifts. The data manager used a random number generator to randomly assign one of these facilities to the intervention group and the other to the control group.
To determine eligibility, study coordinators abstracted medical records to identify patients for whom the most recent serum phosphorus level and mean serum phosphorus level for the previous 3 months were both greater than 5.5 mg/dL (to convert phosphorus to millimoles per liter, multiply by 0.323). This ensured that only patients with phosphorus levels that were persistently above those recommended by practice guidelines were included. 1 Additional patient eligibility criteria were age of 18 years or older and receiving long-term hemodialysis for at least 6 months. We excluded new patients because the first several months of dialysis treatment is often a time of changes in diet and nutritional measures. We also excluded patients who could not participate (did not speak English or were mentally impaired) or were likely to have unique nutritional requirements (nursing home resident, AIDS, active malignancy, terminal illness).
Study coordinators approached eligible patients during a dialysis treatment, told them about the goals of the study and specific intervention or control group tasks, and obtained written informed consent. Each participant was given $10 at the beginning and again at the end of the trial to thank him/her for participation. This study was approved by the institutional review board of MetroHealth Medical Center, Cleveland, Ohio.
Before entering the study, all participants received regular nutritional care from their facility's registered dietitian. This included nutritional status assessment, monthly laboratory test result review, and education regarding the renal diet. The test result review included serum phosphorus levels and the education included the deleterious effects of hyperphosphatemia, dietary sources of phosphorus, and ways to limit phosphorus intake.
Baseline Assessment
Unblinded study coordinators abstracted medical records of intervention and control participants to obtain demographic characteristics (age, sex, self-reported race/ethnicity), medical characteristics (cause of renal failure, time receiving dialysis), laboratory test results (serum albumin, calcium, phosphorus, and parathyroid hormone levels), and current use of specific medications. We assessed race/ethnicity to help compare the demographic characteristics of our participants with dialysis patients nationally. The medication review focused on phosphorus binders (sevelamer, calcium acetate, lanthanum, calcium carbonate), the calcimimetic drug cinacalcet, and vitamin D analogues. The laboratory test results were abstracted for the 3 months prior to study enrollment. The participating hemodialysis facilities generally obtain these tests on a monthly basis for each patient.
To assess knowledge related to phosphorus content, study coordinators asked intervention and control participants to identify high-phosphorus foods from a list of 20 foods. This list included 16 foods that contain large amounts of phosphorus (dried beans, biscuits, pancake mix, breakfast cereal bar, frozen chicken nuggets, pudding cup, toaster pastry, hot dog, fruit punch, American cheese, cola, quickfrozen chicken breast, bacon, wholewheat bread, bran cereal, breaded chicken sandwich) and 4 foods that contain minimal amounts of phosphorus (green beans, French bread, pretzels, apple juice). Participants then used EFFECT OF FOOD ADDITIVES ON HYPERPHOSPHATEMIA IN ESRD PATIENTS Likert scales to respond to questions about their urine output and about how often they read nutrition facts labels, read ingredient lists, and ate meals from specific fast-food restaurants. The study coordinator also asked if someone else (eg, a family member or friend) was responsible for grocery shopping for the patient. All questions were developed with the help of a panel of renal dietitians and hemodialysis patients and were pilot tested prior to use for this study.
Intervention Group
A study coordinator met in person with each intervention participant during a dialysis treatment in the first month of the study. She provided approximately 30 minutes of education regarding phosphorus-containing additives and their effect on the phosphorus content of foods. During this educational session, the coordinator provided each intervention participant with a small magnifier in a plastic case. The names of common phosphorus-containing additives (dicalcium phosphate, hexametaphosphate, monocalcium phosphate, phosphoric acid, pyrophosphate, sodium acid pyrophosphate, sodium aluminum phosphate, sodium phosphate, sodium tripolyphosphate, tricalcium phosphate) were printed on the case. 25 The study coordinator instructed participants to use the magnifier and list of additives when they purchased food at grocery stores. Specifically, the coordinator asked participants to avoid purchasing any items whose ingredient lists include phosphorus-containing additives. If someone else was responsible for grocery shopping for the patient, then this individual was asked to attend the educational session as well.
The coordinator also gave each intervention participant a handout for each fast-food restaurant the patient reported eating at more than once a month. These handouts were developed by study staff and a panel of renal dietitians and were tailored to the menus of common fast-food chains in greater Cleveland. Each handout listed specific menu items to be avoided because they contained phosphorus additives. The handouts also listed better choices that were free of phosphorus additives and were also compatible with other renal dietary requirements. 26 The study coordinator telephoned intervention participants during the second month of the study to reinforce the instructions and to answer any questions. Because the study coordinators carried out the intervention, it was not possible for them to be blinded to patients' assignments to intervention vs control groups.
Control Group
Control participants continued to receive care from their dietitians and nephrologists. A study coordinator telephoned control participants during the second month of the study and asked questions about how often they read nutrition facts labels and ingredient lists, ate meals from fast-food restaurants, and received phosphorus-related recommendations from their facility dietitian. However, control participants did not receive any education or feedback from study coordinators.
Follow-up Procedures
All participants were recruited between May and October 2007 and were followed up for 3 months or until they died or moved. The final assessment occurred in the third month of the study. Study coordinators abstracted medical records of intervention and control participants to obtain laboratory test results (serum albumin, calcium, phosphorus, and parathyroid hormone levels) for each of the 3 prior months. Study coordinators asked intervention and control participants to identify high-phosphorus foods from the same list of 20 foods used as part of the baseline assessment. They also asked participants about how often they read nutrition facts labels, read ingredient lists, and ate meals from fast-food restaurants. No participants changed their shifts during the study duration.
Outcomes
The primary outcome measure was change in serum phosphorus level. We defined baseline serum phosphorus level as the value obtained in the month prior to study enrollment and final serum phosphorus level as the value obtained 3 months after participant enrollment. We calculated change in phosphorus level as final minus baseline values. Secondary outcomes were changes in nutritional knowledge and in reading ingredient lists and nutrition facts labels. These 3 variables were transformed to a 0-to-100 scale in which 0 indicates the lowest possible knowledge score or reading behavior and 100 indicates the highest possible knowledge score or reading behavior.
Statistical Analysis
We used the t test, the 2 test, and the Mann-Whitney rank sum test to compare the baseline characteristics of intervention and control participants. To simplify presentation of results, some Likert scale responses were dichotomized. However, the corresponding P values are based on the complete ordinal scales used by participants to respond to questions about their urine output and about how often they ate meals from specific fast-food restaurants. We used multiple imputation to account for missing data from 28 participants who failed to complete the study because they died, moved, withdrew, received a transplant, or were hospitalized and did not return to outpatient dialysis by the end of the study. Specifically, we performed multiple imputation by chained equations, an iterative multivariable regression technique, based on 5 imputations and included all baseline characteristics of participants as covariates. 27 We used a difference-in-differences approach to examine the effect of the intervention on study outcomes. We first examined changes in phosphorus levels within each group. We then estimated the effect of the intervention by examining the difference between the mean change among intervention participants and the mean change among con-trol participants. We used the t test to assess if this difference in differences was significantly different from zero. We used a similar approach to examine secondary outcomes. All analyses were performed using Stata software version 9.2 (StataCorp, College Station, Texas) and adjusted for potential clustering of participants within both dialysis facilities and shifts. 28 All P values represent 2-sided hypothesis tests, and the significance level was .05.
Based on prior work, we anticipated that the standard deviation of change in serum phosphorus level would be approximately 1.25 mg/dL. To detect a clinically important effect size of 0.5 mg/dL (or standardized effect size of 0.4) would require 196 total participants with a 2-tailed ␣ level of .05 and 80% power.
RESULTS
Participant Characteristics
The FIGURE shows the flow of participants through the trial. Two hundred seventy-nine patients began the trial, including 145 intervention participants and 134 control participants. A total of 1636 patients did not meet eligibility criteria: 84% did not have persistently elevated serum phosphorus levels, 7% could not participate (eg, they were mentally impaired), 6% had unique nutritional requirements, and 3% were new to dialysis. One hundred fiftytwo eligible patients declined to participate. These 152 nonparticipants were somewhat older than the 279 participants (56 vs 53 years; P=.01) but did not differ in other demographic characteristics or in serum phosphorus levels.
Intervention and control participants had generally similar baseline characteristics. The most common causes of renal failure were diabetes and hypertension (TABLE 1) . Only a small proportion of participants reported substantial urine output. Sevelamer and calcium acetate were the most commonly used phosphorus binders in both groups. About half of the participants reported eating fast food more frequently than once per week. At the beginning of the trial, the mean serum phosphorus level was 7.2 mg/dL among intervention participants and 7.1 mg/dL among control participants (P = .73). Food knowledge score and reading nutrition facts labels were similar in both groups, but control participants were more likely to report reading ingredient lists.
Changes in Nutritional Measures
After 3 months, serum phosphorus levels declined by 1.0 mg/dL among intervention participants (P Ͻ .001; TABLE 2) and by 0.4 mg/dL among control participants (P=.02). Thus, the decline in serum phosphorus levels was 0.6 mg/dL larger among intervention vs control participants (95% confidence interval, −1.0 to −0.1 mg/dL). Intervention participants also had significantly larger increases in reading ingredient lists and nutrition facts labels compared with control participants. There were no adverse events or adverse effects associated with the intervention.
COMMENT
We found that educating patients with ESRD to avoid phosphorus-containing food additives resulted in modest but clinically significant improvements in serum phosphorus levels. The 0.6-mg/dL larger decline in average phosphorus level among intervention participants compared with control participants corresponds to a 5% to 15% reduction in relative mortality risk in observational studies. [2] [3] [4] [5] [6] [7] 9 Our intervention has the advantages of being simple, low-cost, and easy to implement. Another strength of the study is its randomized design, which resulted in generally similar intervention and control groups in terms of recruitment rates and baseline demographic, medical, and nutritional characteristics (Figure and Table 1 ). With the exception of race, participant characteristics were generally similar to those of patients nationally. 29 The large number of black participants reflects the inner-city location of many of the participating facilities.
Although we were unable to assess actual dietary intake, the increased reading of nutrition facts labels and ingredient lists reported by intervention participants (Table 2) suggests that improvements in serum phosphorus levels were mediated by changes in par- Our results have important implications for patients, clinicians, researchers, and policy makers. Patients with ESRD and clinicians should learn about both naturally occurring phosphorus and phosphorus-containing additives, and patients should limit their total phosphorus intake to 800 to 1000 mg/d as recommended by practice guidelines. 1 However, this is likely to be challenging for several reasons. First, the high phosphorus content of additivecontaining products makes it difficult for patients to adhere to intake guidelines. For example, just 2 servings of additive-containing chicken products provide an average of 880 mg of phosphorus. 21 Second, ingredient lists are often unavailable at fast-food and other restaurants. Even when ingredient lists are available, it is not possible to quantitatively estimate phosphorus content. For example, recent laboratory analyses revealed that there are 2-fold variations in the phosphorus content of chicken products purchased from grocery stores. 21 Third, the widespread use of phosphorus-containing additives combined with other renal dietary restrictions greatly limits acceptable food choices. On average, only one-sixth of entrees and side dishes at fast-food restaurants are suitable for patients with ESRD. Moreover, there are no suitable entrees or side dishes at several fastfood restaurants. 26 Fourth, phosphorus in additives is more readily ab- 
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©2009 American Medical Association. All rights reserved. sorbed than that from foods naturally high in phosphorus. 31 As a result, additives may have a greater impact on hyperphosphatemia than an equivalent amount of naturally occurring phosphorus.
Researchers should focus on developing more potent approaches to preventing and treating hyperphosphatemia. Despite the widespread use of high-efficiency dialyzers, new pharmacologic treatments, and regular nutritional education, one-third to half of dialysis patients nationally have elevated serum phosphorus levels. [7] [8] [9] [32] [33] [34] Although our intervention participants had significant declines in hyperphosphatemia, their mean serum phosphorus level was still higher than the 5.5-mg/dL threshold recommended by practice guidelines. 1 Researchers should also focus on understanding the impact of additives on patients with less severe renal disease and on the general public. It is likely that hyperphosphatemia contributes to cardiovascular and bone disease among the 10 million individuals in the United States with moderate kidney disease. 1, 35, 36 There is also evidence to suggest that high phosphorus intake and hyperphosphatemia may lower bone density, increase fracture risk, and contribute to cardiovascular events among individuals with normal renal function. [37] [38] [39] [40] Policy makers should consider both the health costs associated with high phosphorus intake and hyperphosphatemia as well as policy approaches to address this problem. Medicare expenditures for ESRD patients are more than $23 billion annually, with a substantial proportion due to cardiovascular and bone disease. 29 The cost implications will be even greater if high phosphorus intake and hyperphosphatemia contribute to health expenditures among individuals with less severe renal disease and the general public. Policy approaches may include mandating that phosphorus content be listed on nutrition facts labels (as calories, fat, and sodium already are). Although manufacturers may voluntarily include phosphorus content on such labels, most foods do not have this information. For example, we found that phosphorus content was not listed on any of 38 representative chicken products purchased in grocery stores even though 92% of these products contained phosphorus additives. 21 Mandatory labeling of phosphorus content may help patients to better monitor and limit their phosphorus intake and may encourage manufacturers to limit the use of phosphorus-containing additives. It is worth noting that many manufacturers eliminated or greatly reduced the trans fat content of their products in response to a recent mandate to include trans fat on nutrition facts labels. [41] [42] [43] Other approaches may involve creating incentives for producing and marketing low-phosphorus products and funding alternatives to phosphorus-containing additives. 44 Several limitations must be considered in interpreting our findings. Our participant sample was modest in size and was drawn from a single geographic area, we did not have information on adherence, our power to discern changes in secondary outcomes was limited, and many participants failed to improve despite our intervention. The duration of follow-up was limited to 3 months, so the long-term impact of this intervention on morbidity and mortality is unclear. Although it is likely that our intervention would be helpful for patients with lower serum phosphorus levels, our study only focused on patients with persistently elevated levels. It is also possible that some control participants began reading nutrition facts labels and ingredient lists (Table 2) or altered their phosphorus intake because they were asked questions about these practices (referred to as the Hawthorne effect). However, control participants did not receive specific education about phosphorus-containing additives, and their serum phosphorus levels were unchanged. It is also possible that some control participants were influenced by study activities directed at intervention patients (referred to as contamination). Both the Hawthorne effect and contamination would tend to decrease the difference between groups. Therefore, the measured effect size may underestimate the value of our intervention.
In conclusion, educating patients with ESRD to avoid phosphoruscontaining food additives results in modest improvements in hyperphosphatemia. Further work is needed to enhance the potency of our intervention and to understand the impact of phosphorus-containing additives on patients with less severe renal disease and on the general public.
